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Description 

During the operation of continuous ink jet print- 
ers it is well known to stimulate or modulate the jet 
or jets so that they are perturbed and break up into 
uniformly sized and evenly spaced droplets. To 
achieve acurate droplet charging, it is important 
that the droplet stream is satelite free and that the 
break up point is both stable and occurs within the 
charge electrode. In a multi jet system there is a 
further requirement that each jet has near identical 
break up characteristics, i.e. the break up length, 
the break up phase and the break up shape are 
similar from jet to jet. 

y ne necessary jet modulation is, in one con- 
ventional technique, achieved by using an acoustic 
generator to transmit an acoustic wave into a body 
of ink in an ink cavity one side of which is closed 
by a nozzle plate through which the or each jet is 
discharged. The acoustic generator usually con- 
sists of or includes a piezoelectric actuator. 

With single jet systems, the acoustic generator 
is usually positioned at the side of the ink cavity 
opposite to the nozzle plate and sufficient energy is 
provided to force vibrations of the ink in the direc- 
tion parallel to the jet, that is perpendicular to the 
nozzle plate, to cause the jet to break up into 
droplets. No attempt is made to control vibrations 
in a direction perpendicular to the jet, as these 
have no signicant effect upon the operation of the 
system. In multi-jet systems, (as disclosed for ex- 
ample in GB-A-1 464370) the ink cavity may be 
divided into separate compartments each asso- 
ciated with one acoustic generator and one nozzle, 
and this is effectively an array of single jet sys- 
tems. 

In other multi jet systems a single acoustic 
g enera tor is provided for a substantially linear array 
of nozzles and in this case it has been recognised 
that it is necessary to stimulate in the ink cavity 
substantially only "longitudinal" vibrations, parallel 
to the jets, substantially without any "transverse" 
vibrations perpendicular to the jets, as these would 
produce unwanted transverse variations in pressure 
amplitude. In order to achieve this, large acoustic 
generators having a dimension, parallel to the lin- 
ear array of nozzles, greater than the length of the 
array of nozzles have been used and complicated 
techniques, such as cutting a block of piezoelectric 
material into a comb like shape and attaching it to 
a membrane (as disclosed in US-A-4668964) have 
been used in order to minimize the production of 
transverse waves. In other words it has been as- 
sumed that each nozzle in the array must be 
aligned immediately opposite either its own acous- 
tic generator or its own part of an acoustic gener- 
ator having a dimension parallel to the length of the 
array. 



Surprisingly, the inventors have now found that 
this is not necessary and that, provided certain 
resonant conditions are satisfied, a single acoustic 
generator can satisfactorily stimulate the ink pass- 

5 ing through an array of nozzles, or a part of an 
array of nozzles, which has a length considerably 
greater than the dimension of the acoustic gener- 
ator parallel to the length of the array or part array. 
FR-A-2,252,740 discloses a continuous ink jet 

w printing device comprising a nozzle plate provided - 
with a substantially linear array of nozzles and 
forming one wall of an ink cavity; and an acoustic 
generator in the form of an elongate body projec- 
ting, in a direction parallel to the direction in which 

T5 the jets leave the nozzles, towards the nozzle plate 
in contact with ink in the cavity to transmit acoustic 
vibrations, in use, into the ink to cause uniform 
break up into droplets of ink jets leaving the noz- 
zles. However, neither the acoustic generator nor 

20 the cavity in this prior art arrangement are resonant 
structures. Accordingly a continuous ink jet printing 
device as defined above in FR-A-2,252,740 is char- 
acterized in that the body is shaped and tuned to 
vibrate substantially only in the longitudinal mode 

25 and at a resonant frequency which is within 1 0% of 
a frequency to excite natural resonant vibrations in 
the ink in the cavity between the end of the body 
and the nozzle plate, the width of the body being 
less than the length of the nozzle array, or of that 

30 part of the array associated with that body. 

It is hypothesized that what occurs is that a 
standing planar wave, excited by the end of the 
elongate body is set up between the wall of the 
cavity opposite the nozzle plate and the nozzle 

35 plate, so that variable distances between the end of 
the body and the individual nozzles becomes unim- 
portant. This leads to remarkable simplification of 
the stimulation of multi jet devices since in practice 
it is found that a linear array of nozzles five or even 

40 ten times greater in length than the width of the 
elongate body may be adequately stimulated. Only 
if the array is greater in length than this, may it be 
necessary to provide additional acoustic generator 
bodies alongside but spaced from one another. 

45 The geometry of the cavity including the spac- 

ing of the end of the acoustic generator body from 
the nozzle plate will be dependent upon the speed 
of sound in the ink and the desired frequency of jet 
break up into droplets, and this will also dictate the 

so resonant frequency of the acoustic generator body. 
As is known, it will be the length of the body which 
determines the resonant frequency of longitudinal 
vibrations in the body. The body may be arranged 
to provide substantially only longitudinal vibrations, 

55 by appropriate choice of the aspect ratio between 
its length and width, and in practice when the 
elongate body is a load rod consisting either of a 
rod of piezoelectric material, or a metallic rod with 
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a piece of piezoelectric material at one end, the 
aspect ratio will normally be greater than two. 

In a plane perpendicular to the nozzle plate 
and to the linear array of nozzles, the side walls of 
the ink cavity may converge towards the narrow 
nozzle array , thereby providing a focusing effect 
for the acoustic energy. The side walls may also 
be provided in part by the peripheral surface of an 
aperture in a spacer plate, which is replaceable by 
one of different thickness to tune the cavity and 
thereby allow for the use of different inks in which 
the velocity of sound is different, one from the 
other. 

The invention is illustrated diagrammatically in 
the accompanying drawings, in which:-. 

Figure 1 is a vertical section through an ink jet 
printer; 

Figure 2 is an elevation of an acoustic generator 
in the form of a single load rod; 
Figure 3 corresponds to Figure 2 but shows a 
modification in which a plurality of load rods are 
used; and, 

Figure 4 is a cross section perpendicular to the 

planes of Figures 2 or 3. 
Figure 1 represents a conventional ink jet print- 
er comprising an ink modulating device 5 which 
produces a coplanar array of downwardly directed 
streams 6 of ink droplets. The individual streams 6 
pass through respective slots 7 in a charging elec- 
trode 8 so that individual droplets may be individ- 
ually charged or left uncharged. The trains of 
droplets then pass down between an earth elec- 
trode 9 carried by a support block 10 and a deflec- 
tion electrode 11 carried by a support block 12. 
The electrode 11 is continuously charged with the 
same positive or negative charge which is selec- 
tively applied to the droplets so that uncharged 
droplets continue in a straight path 6A whereas 
charged droplets are deflected along a path 6B and 
are caught in a gutter 13, from which they are 
drawn through an ink collection manifold 14 to a 
suction outlet 15. During start up and adjustment of 
the machine, the undeflected droplets passing 
along the paths 6A are caught in a secondary 
gutter 16 and withdrawn through a manifold 17 and 
suction outlet 18 in a support block 19. For print- 
ing, the block 18 and secondary gutter are moved 
to the left as indicated by the arrow 20 so that the 
undeflected. droplets impinge on a moving web 21 
to be printed. 

The invention is concerned with the construc- 
tion of the ink modulating device 5. This consists 
essentially of a rigid housing 22 formed by an 
upper plate 22A and a slotted lower plate 22B, 
which may, as shown in Figure 4, be optionally 
divided into a lower most plate 22 B' and an inter- 
mediate replaceable spacer plate 22B". The slot 
then defines an ink cavity 23. The lower end of the 



ink cavity, at the bottom of the slot in the plate 
22B, is closed by a perforated metal foil 24, which 
forms the nozzle plate. The sides 25 of the slot 
may converge towards the nozzle plate as shown 

5 in Figure 4. 

The ink in the cavity is perturbed so that the 
jets of ink leaving the individual nozzles break up 
evenly into droplets by one or more load rods 26. 
Each of these extends through a respective over- 

io sized bore 27 in the upper plate 22A and is sealed 
to the bore by a sealing ring 28. The inner end of 
the load rod is substantially flush with the inner 
surface of the plate 22A. In fact each load rod 26 
consists of a metal rod 29 with a piezoelectric 

75 material 30 at one end, the piezoelectric material 
being excited by appropriate means 31. It will be 
seen that the width of the load rod 26 is less than 
the length of a rod, and also less than the length of 
the array of modulated jets served by that load rod. 

20 Figure 2 shows the case in which a single load 

rod is used and Figure 3 shows the case in which a 
number of load rods are used, but in total, their 
widths are again considerably less than the lengths 
of the array of modulated jets. 

25 As mentioned, the load rods are shown with 

their inner ends flush with the wall of the cavity 
opposite to the nozzle plate but in some cases it 
may be desirable for the end of the load rod to 
project into the ink cavity 23, or to be set back 

30 from the wall of the cavity opposite to the nozzle 
plate. To achieve acceptable modulation, the fre- 
quency, amplitude and phase of the individual ac- 
tuators may be varied. Replacement of the spacer 
plate 22B" by one a different thickness maybe 

35 used to tune the cavity 23 and thereby allow for the 
use of different inks in which the velocity of sound 
is different, one from the other. 

Claims 

40 

1. A continuous ink jet printing device comprising 
a nozzle plate (24) provided with a substan- 
tially linear array of nozzles and forming one 
wall of an ink cavity (23); and an acoustic 

45 generator in the form of an elongate body (26) 

projecting, in a direction parallel to the direc- 
tion in which the jets leave the nozzles, to- 
wards the nozzle plate in contact with ink in 
the cavity to transmit acoustic vibrations, in 

so use, into the ink to cause uniform break up into 

droplets of ink jets (6) leaving the nozzles, 
characterized in that the body is shaped and 
tuned to vibrate substantially only in the lon- 
gitudinal mode and at a resonant frequency 

55 which is within 10% of a frequency to excite 

natural resonant vibrations in the ink in the 
cavity between the end of the body and the 
nozzle plate, the width of the body being less 
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than the length of the nozzle array, or of that 
part of the array associated with that body. 



3. A device according to claim 1 or claim 2, in 
which, in a plane perpendicular to the nozzle 
plate (24) and to the linear array of nozzles, 
the side walls (25) of the ink cavity converge 
towards the nozzle array. 

4. A device according to any one of the preced- 
ing claims, in which the side walls of the ink 
cavity are provided in part by the peripheral 
surface of an aperture in a spacer plate 
(22B"), which is replaceable by one of different 
thickness. 

Patentanspruche 



2. Eine Vorrichtung nach Anspruch 1, in welcher 
der langliche Korper ein Belastungsstab ist, 
der entweder aus einem Stab aus piezoelektri- 
schen Material oder aus einem metallischen 
Stab (29) mit einem Stuck aus piezoelektri- 



schem Material (30) an einem Ende besteht, 
wobei der Langenanteil des Belastungsstabs 
groSer als zwei ist. 

Eine Vorrichtung nach Anspruch 1 oder An- 
spruch 2, in der, in einer Ebene senkrecht zur 
DUsenplatte (24) und zur linearen DUsenanord- 
nung, die Seitenwande (25) des Tintenaufnah- 
meraums auf die Dusenanordnung zu konver- 
io gieren. 

4. Eine Vorrichtung nach einem beliebigen der 
vorstehenden Anspruche, in der die Seiten- 
wande des Tintenaufnahmeraums teilweise 
75 durch die Umfangsoberflache einer Offnung in 

einer Abstandsplatte (22B") gebildet sind, die 
durch eine Platte mit anderer Dicke ersetzt 
werden kanri. 

20 Revendicatlons 

1. Dispositif d'impression par jets d'encre conti- 
nus, comprenant une plaque a buses (24) 
ayant une se>ie pratiquement rectiligne de bu- 
ses et formant une premiere paroi d'une cavite 
(23) d'encre, et un g^nerateur acoustique sous 
forme d'un corps allonge" (26) d^passant, en 
direction perpendiculaire a la direction dans 
laquelle les jets quittent les buses, vers la 
plaque a buses au contact de I'encre de la 
cavite afin que des vibrations acoustiques 
soient transmises a I'encre, pendant I'utilisa- 
tion, et provoquent la division uniforme en 
gouttelettes des jets d'encre (6) quittant les 
buses, caracterise* en ce que le corps a une 
configuration et un accord tels qu'il vibre prati- 
quement uniquement en mode longitudinal et 
a une frequence de resonance qui differe de 
moins de 10 % de la frequence d'excitation 
des vibrations de resonance naturelle dans 
I'encre de la cavite* entre I'extr6mit§ du corps 
et la plaque a buses, la largeur du corps 6tant 
inferieure a la longueur de la serie de buses 
ou de la partie de seVie associee a ce corps. 

2. Dispositif selon la revendication 1, dans lequel 
le corps allonge est un barreau de charge 
constitue soit d'un barreau d'un mate>iau pi6- 
zo^lectrique, soit d'un barreau metallique (29) 
ayant un morceau d'un materiau piezoelectri- 
que (30) a la premiere extremity, le rapport 
d'allongement du barreau de charge etant su- 
pe>teur a 2. 

55 3. Dispositif selon la revendication 1 ou 2, dans 
lequel, dans un plan perpendiculaire a la pla- 
que a buses (24) et a la serie rectiligne de 
buses, les parois late>ales (25) de la cavite 



2. A device according to claim 1, in which the 

elongate body is a load rod consisting either of 5 3. 
a rod of piezoelectric material, or a metallic rod 
(29) with a piece of piezoelectric material (30) 
at one end, the aspect ratio of which load rod 
being greater than two. 



1. Eine kontinuierliche Tintenstrahldruckvorrich- 
tung, umfassend eine Dusenplatte (24), die mit 
einer im wesentlichen linearen Anordnung von 
DOsen versehen ist und eine Wand eines Tin- 
tenaufnahmeraums (23) ausbildet; und einen 30 
akustischen Generator in der Gestalt eines 
langlichen Korpers (26), der sich in einer Rich- 
tung parallel zur Richtung, in der die Strahlen 
die Dusen verlassen, zur Dusenplatte hin er- 
streckt, welche mit Tinte in dem Aufnahme- 35 
raum in Beruhrung steht, um wahrend des 
Betriebs akustische Vibrationen in die Tinte zu 
ubertragen und ein gleichformiges Auseinan- 
derbrechen in Trbpfchen der Tintenstrahlen (6) 
hervorzurufen, welche die DUsen verlassen, 40 
dadurch gekennzeichnet, daB der Korper (10) 
geformt und abgestimmt ist, daB er im wesent- 
lichen nur im longitudinalen Modus schwingt 
und bei einer Resonanzfrequenzen, welche in- 
nerhalb von 10 % einer Frequenz liegt, um 45 
natiirliche Resonanzschwingungen in der Tinte 
in dem Aufnahme- bzw. Hohlraum zwischen 
dem Ende des Korpers und der DUsenplatte 
anzuregen, wobei die Breite des Korpers ge- 
ringer ist als die Lange der DUsenanordnung 50 
oder des Teils der Anordnung ist, der diesem 
Korper zugehorig ist. 
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d'encre convergent vers la serie de buses. 

4. Dispositif selon I'une quelconque des revendi- 
cations pr6c6dentes, dans lequel les parois 
lateVales de la cavite" d'encre sont formers en s 
partie par ta surface peVipherique d'une ouver- 
ture de la plaque d'entretoise (22B"), qui peut 
etre remplacee par une plaque d'dpaisseur dif- 
f e* rente. 

10 
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